FUEL INJECTOR WITH LEAKPROOF SERVO-VALVE 


[0001] Technical Field 


[0002] Stroke-controlled injection systems with a high-pressure accumulator are used to 
deliver fuel in direct-injecting internal combustion engines. The advantage of these injection 
systems lies in the fact that the injection pressure can be adapted to wide ranges of load and 
engine speed. A high injection pressure is required in order to reduce emissions and to 
achieve a high specific output. Since the achievable pressure level in high-pressure fuel 
pumps is limited for strength reasons, pressure boosters are used in the fuel injectors in order 
to further increase pressure in fuel injection systems. 


[0003] Prior Art 

[0004] DE 101 23 913 relates to a fuel injection apparatus for internal combustion engines, 
having a fuel injector that can be supplied from a high-pressxire fuel source. A pressure 
boosting device that has a movable pressure booster piston is cormected between the fuel 
injector and the high-pressure fuel source. The pressure booster piston divides a chamber 
that can be connected to the high-pressure fuel source from a high-pressure chamber 
connected to the fuel injector. The fuel pressure in the high-pressure chamber can be varied 
by fining a return chamber of the pressure boosting device with fuel or by emptying fuel 
from this chamber. The fuel injector has a movable closing piston for opening and closing 
injection openings. The closing piston protrudes into a closing pressure chamber so that fiiel 
pressure can be exerted on the closing piston in order to produce a force that acts on the 
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closing piston in the closing direction. The closing pressure chamber and the return chamber 
are constituted by a combined closing pressure/return chamber, all of the partial regions of 
the closing pressure/return chamber being permanently connected to one another to permit 
the exchange of fuel. A pressure chamber is provided for supplying fuel to the injection 
openings and for exerting a force on the closing piston in the opening direction. A high- 
pressure chamber is connected to the high-pressure fuel source so that aside from pressure 
fluctuations, at least the fuel pressure in the high-pressure fuel source can continuously 
prevail in the high-pressure chamber. The pressure chamber and the high pressure chamber 
are constituted by a combined injection chamber, all of the partial regions of the injection 
chamber being permanently connected to one another to permit the exchange of fuel. 

[0005] DE 102 294 18.6 relates to a fuel injection apparatus for injecting fuel into the 
combustion chamber of an intemal combustion engine. The fuel injection apparatus includes 
a high-pressure source, a pressure booster, and a metering valve. The pressure booster has a 
working chamber and a control chamber that are separated from each other by a piston; a 
pressure change in the control chamber of the pressure booster causes a pressure change in a 
compression chamber. Via a fuel inlet, the compression chamber acts on a nozzle chamber 
encompassing an injection valve member. A nozzle control chamber that acts on the 
injection valve member can be filled on the high-pressure side from the compression region 
via a line containing an inlet throttle restriction and can also be connected on the outlet side 
to a chamber of the pressure booster via a line containing an outlet throttle restriction. 

[0006] The metering valve according to the above-described design is embodied in the form 
of a 3/2-way valve that controls a large return flow quantity occurring in this pressure 
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booster-equipped design. Although embodying the metering valve in the form of a 3/2-way 
servo-valve does achieve a simplified, inexpensive manufacture, it is disadvantageous that a 
leakage gap forms between the control chamber of the servo-piston of the servo- valve and a 
return line when the fuel injector is idle. The actuation fluid flowing out through the leakage 
gap decreases the efficiency of the system and requires that the sealing gap be provided with 
a long guidance length. A long guidance length of the sealing gap in turn requires a long 
structural length of the valve body of the servo-valve, which is undesirable in terms of 
available installation space since the aim is to produce a fuel injector that has an integrated 
pressure booster and is as compact as possible. 

[0007] Depiction of the Invention 

[0008] The proposed design of the servo-valve according to the present invention for a fuel 
injector equipped with a pressure booster for direct-injection internal combustion engines 
does not have any leakage at the piston of the servo-valve in the idle state. This significantly 
reduces the leakage quantity, making it possible to significantly improve the efficiency of the 
fuel injector. The selected design of a 3/2-way servo-valve makes it possible to significemtly 
reduce the guide lengths required in the servo-valve, thus decreasing the structural length of 
the servo-valve and the amount of space it requires. This makes it possible to produce a very 
compact servo-valve for controlling a fuel injector equipped with a pressure booster. 

[0009] The servo-valve embodied in the form of a 3/2-way valve can be embodied in the 
form of a double seat valve. To that end, the valve is embodied with a one-piece servo-valve 
piston and with a multi-part valve body. Providing a sealing seat on the servo-valve makes it 
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possible to compensate for an axial offset of a multi-part servo-valve housing. The proposed 
design of the 3/2-vkray servo-valve in the form of a double seat valve can avoid the wear and 
tolerance problems that occur when using slider seals that have small overlap lengths. The 
easy access to the valve seats facilitates manufacture. 

[0010] Drawings 

[001 1] The present invention will be described in detail below in conjunction with the 
drawings. 

[0012] Fig. 1 shows an embodiment variant of a servo-valve with a leakproof servo-valve 
piston, which is associated with a fuel injector equipped with a pressure booster and 

[0013] Fig. 2 shows another structural embodiment variant of a servo-valve with a sealing 
seat embodied in the form of a conical seat and a one-piece valve housing. 

[0014] Embodiment Variants 

[0015] A pressure source 1, which can be embodied in the form of a high-pressure 
accumulator of a fuel injection system, acts on a high-pressure line 2 with highly pressurized 
fuel. The high-pressure line 2 feeds into a working chamber 5 of a pressure booster 3. The 
working chamber 5 is continuously acted on wdth the highly pressurized fuel of the pressure 
source 1 . The working chamber 5 of the pressure booster 3 is separated from a differential 
pressvire chamber 6 (return chamber) of the pressure booster 3 by a booster piston 4. The 
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booster piston 4 of the pressure booster 3 is acted on by a return spring 8 that rests against a 
backup washer 7, which in turn is accommodated in an injector body 19 of the fuel injector 
18. The booster piston 4 of the pressure booster 3 acts on a compression chamber 9 of the 
pressure booster 3. The end of the booster piston 4 oriented toward the compression chamber 
9 has an end surface 20 which, when the pressure booster 3 is activated, travels into the 
compression chamber 9 of the pressure booster 3 and compresses the fuel contained therein. 

[0016] The differential pressure chamber 6 (return chamber) of the pressure booster 3 
communicates via an overflow line 10 with a control chamber 12 that acts on an injection 
valve 14. The overflow line 10 between the differential pressure chamber 6 (retum chamber) 
and the control chamber 12 for the injection valve member 14 contains a first throttle 
restriction 1 1 that is disposed upstream of the control chamber 12 in the flow direction of the 
fuel. In addition, the control chamber 12 for the injection valve member 14 communicates 
with the compression chamber 9 of the pressure booster 3 via a line containing a second 
throttle restriction 15. The control chamber 12 for the injection valve member 14 contains a 
spring 13 that acts on the upper end surface of the needle-shaped injection valve member 14. 
The injection valve member 14 has a pressure step that is encompassed by a nozzle chamber 
16 contained in a nozzle body. From the control chamber 16, the fuel volume traveling from 
the compression chamber 9 into the nozzle chamber 16 via a nozzle chamber inlet 17 flows 
along an annular gap at the combustion chamber end of the injection valve member 14 to 
injection openings and is injected into the combustion chamber of the engine when the 
needle-shaped injection valve member 14 vmblocks the injection openings. 
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[0017] In addition to the overflow line 10, a discharge line 21 also branches off from the 
differential pressure chamber 6 (return chamber) of the pressure booster. This discharge line 
21 passes through the injector body 19 of the fuel injector 18 and feeds into a second 
hydraulic chamber 38 disposed above the pressure booster 3. Above the injector body 19 of 
the fuel injector 18, a servo-valve 22 is provided, which, in the embodiment variant shown in 
Fig. 1, has a valve body 26 that includes a first valve body part 27 and a second valve body 
part 28. The valve body 26 has a servo-valve piston 23 that can open and close a first sealing 
seat 24 and a second sealing seat 25. In the depiction shown in Fig. 1, the first valve body 
part 27 is provided with a sealing edge 29 against which a conical surface 33 of the servo- 
valve piston 23 can be placed in a sealed fashion, thus constituting the second sealing seat 25. 
At its end oriented away from the control chamber 36 of the servo-valve 22, the servo-valve 
piston 23 has a first sealing seat 24 embodied here in the form of a flat seat, which can open 
and close an outlet control chamber 35 that has a first return 30 branching off from it. The 
servo-valve piston 23 of the servo-valve 22 is actuated by means of an on/off valve 32 that 
opens and closes a second return 31 leading to a fuel reservoir not shown in Fig. 1. The fuel 
volume contained in the control chamber 36 of the servo-valve 22 acts on an end surface 39 
of the servo-valve piston 23. Both the control chamber 36 and a first hydraulic chamber 37 
in the first valve body part 27 are filled by means of a pressure line that branches off from the 
working chamber 5 of the pressure booster 3. This pressure line is provided with a throttle 
restriction 47 before it feeds into the control chamber 36 of the servo-valve 22. 

[0018] In the embodiment variant shown in Fig. 1, the servo-valve piston 23 has a 
mushroom-shaped section, the top of which is constituted by the conical surface 33. On the 
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side oriented away from the conical surface 33, the mushroom-shaped section is delimited by 
an annular surface 34. 

[0019] The fuel volume contained in the control chamber 36 of the servo-valve 22 acts on 
the end surface 39 of the servo-valve piston 23 of the servo-valve 22 depicted in Fig. 1 . 
When the servo-valve 22 is in the idle state, it is closed, i.e. the second sealing seat 25 is 
open, while the first sealing seat 24 is closed in relation to the outlet control chamber 35. 
The servo-valve piston 23 is guided in the first valve body part 27 of the valve body 26 in a 
high-pressure-tight fashion in relation to the control chamber 36 and the first hydraulic 
chamber 37. When the servo-valve 22 is in the idle state, the system pressure prevails in this 
guidance region, i.e. both the control chamber 36 and the first hydraulic chamber 37 contain 
the same pressure so that no leakage occurs in the direction of the first return 30. The entire 
region of the servo-valve piston 23 of the servo-valve 22 according to the embodiment 
variant shown in Fig. 1 is under system pressure in relation to the control chamber 36, the 
first and second hydraulic chambers 37 and 38, and the second sealing seat 25. Because the 
first sealing seat 24 above the outlet control chamber 35 is closed, this system is free of 
leakage in the direction of the first return 30. 

[0020] Fig. 2 shows an embodiment variant of the first sealing seat of the servo-valve, 
which, in this embodiment variant, is embodied in the form of a conical sealing seat, while 
the other sealing seat of the servo-valve piston is embodied in the form of a slider seal. 

[0021] By contrast with the embodiment variant of the servo-valve shown in Fig. 1, in the 
region of its first sealing seat 24 above the outlet control chamber 35 to the first return 30, the 
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servo-valve piston 46 according to Fig. 2 is provided with a conical surface 40 that 
cooperates with a sealing edge provided in a one-piece valve body 41, above the outlet 
control chamber 35. The servo-valve valve piston 46 of the servo-valve 22 according to Fig. 
2 has a slider section 43 whose diameter is identical to that of the piston part of the servo- 
valve piston 46 that separates the control chamber 36 from the first hydraulic chamber 37. 
The first hydraulic chamber 37 and the control chamber 36 in the one-piece valve body 41 
are supplied vsdth fiiel from the working chamber 5 of the pressure booster 3, analogous to the 
manner shovm in Fig. 1 . System pressure prevails in the control chamber 36 and in the first 
hydraulic chamber 37 inside the one-piece valve body 41 of the servo-valve 22. In this 
embodiment variant as well, no leakage occurs between the above-mentioned hydraulic 
chambers 36 and 37. Also according to this embodiment variant, system pressure acts on the 
entire region of the servo-valve piston 46, i.e. the control chamber 36, the first hydraulic 
chamber 37, and the second hydraulic chamber 38 as well as the second sealing seat 25. If 
the first sealing seat 24 of the servo-valve 22 is closed, then in this exemplary embodiment of 
the servo-valve 22 as well, no leakage occurs in the direction of the first return 30 that 
branches off firom the outlet control chamber 35. 

[0022] The slider section 43 embodied on the servo-valve piston 46 has a slider edge 45 that 
cooperates with a slider edge 44 on the one-piece valve body 41 of the servo- valve 22. 

[0023] In lieu of the embodiment variants shown in Figs. 1 and 2, in which the first sealing 
seat 24 is embodied in the form of a flat seat (Fig, 1) or in the form of a conical seat (Fig. 2, 
reference numeral 40) and the second sealing seat 25 is embodied in the form of a conical 
surface 33 that cooperates with a sealing edge 29 and/or in the form of a slider seal 44, 45, it 
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is also possible to use any combination of flat seats, conical seats, ball seats, or slider edges. 
It is also possible to use spring elements not explicitly shown in Figs. 1 and 2 to assist the 
stroke motion of the servo-valve piston 23 and/or 26. 

[0024] According to the depiction in Fig. 1, it is advantageous if the servo-valve piston 23 is 
embodied with a mushroom-shaped section, which has a conical surface 33, and a two-part 
servo-valve housing 27 is provided that has a first valve body part 27 and a second valve 
body part 28. This facilitates assembly. If the first sealing seat 24 according to the 
embodiment variant in Fig. 1 is embodied in the form of a flat seat, it is then possible to 
compensate for manufacturing tolerances in the axial offset of the two valve body parts 27 
and 28 in relation to each other. The first sealing seat 24, which in the embodiment variant 
according to Fig. 1 is shown in its closed position and is embodied in the form of a flat seat, 
is held in a sealed fashion against the second valve body part 28 by the powerfiil hydraulic 
force prevailing in the control chamber 36 of the servo-valve 22, thus assuring an impervious 
seal in relation to the first return 30 v^th currently achievable manufacturing tolerances and 
for very highly pressurized fiiel. 

[0025] The operation of the fuel injector shown in Figs. 1 and 2, vsath a servo-valve 22 that is 
leakproof in its idle state will be explained in greater detail below in conjunction with the 
embodiment veirisuit shown in Fig. 1 . 

[0026] The pressure booster 3 - in this case integrated into the injector body 19 of the fuel 
injector 18 - includes the working chamber 5 and the differential pressure chamber 6 (return 
chamber), which are separated from each other by the booster piston 4. The return force on 
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the booster piston is exerted by a return spring 8, which rests against the backup washer 7 
provided at its end oriented toward the injector body. The end surface 20 of the booster 
piston 4 acts on a compression chamber 9 from which the nozzle chamber inlet 17 to the 
nozzle chamber 16 branches inside this body of the fuel injector 8. In the deactivated idle 
state, the same system pressure as the one prevailing in the working chamber 5 of the 
pressure booster 3 also acts on the differential pressure chamber 6 (return chamber) of the 
pressure booster via the open first sealing seat 25 and the line that bremches off from the 
working chamber 5 of the pressure booster 3 and leads to the first hydraulic chamber 37 and 
the control chamber 36. In this idle state, the pressure booster 3 is pressure-balanced and no 
pressure boosting occurs. 

[0027] In order to activate the pressure booster 3, the differential pressure chamber 6 (return 
chamber) of the pressure booster 3 is pressure-relieved. This triggers the on/off valve 32 to 
open so that the control chamber 36 of the servo-valve 22 is pressure-relieved into the second 
return 31. Because of this, the servo-valve piston 23 moves, impelled by the force of 
pressure prevailing in the second hydraulic chamber 38, which force engages the annular 
surface 34 and pushes the conical surface 33 upward toward the sealing edge 29 of the first 
valve body part 27, thus closing the second sealing seat 25 while this upward movement of 
the servo-valve piston 23 opens the first sealing seat 24. The degree to which the first sealing 
seat 24 opens is designed to be of such a magnitude that even when the first sealing seat 24 is 
open, a residual pressure is maintained in the second hydraulic chamber 38. This assures that 
the servo-valve piston 23 of the servo-valve 22 remains in its open position and the second 
sealing seat 25 remains continuously closed. 
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[0028] When the first sealing seat 24 is open, the differential pressure chamber 6 (return 
chamber) of the pressure booster 3 is de-coupled from the high pressure exerted by the high- 
pressure accumulator 1 and is pressure-relieved into the first return 30 via the shut-offline 21 
and the discharge chamber 35. Because of this, the pressure in the compression chamber 9 of 
the pressure booster 3 increases in accordance with the boosting ratio of the pressure booster 
3. This boosted pressure travels into the nozzle chamber 16 via the nozzle chamber inlet 17. 
The boosted pressure prevailing in the nozzle chamber 1 6 acts on the pressure shoulder of the 
injection valve member 14 and opens the valve member, thus unblocking the injection 
openings, w^hich lead into the combustion chamber of the internal combustion engine, and 
initiating the injection phase. When the injection valve member 14 is completely open, the 
second throttle restriction 15 is closed so that no loss flow occurs during the injection phase. 

[0029] To terminate the injection phase, the on/off valve 32 of the servo-valve 22 is closed, 
which causes the system pressure to build up in the control chamber 36 of the servo-valve 22. 
The system pressure 36 acts on the end surface 39 of the servo-valve 23 and moves the servo- 
valve piston 23 downward into its starting position, thus opening the second sealing seat 25 
and once more closing the first sealing seat 24 that leads to the outlet control chamber 35 and 
the first return 30. 

[0030] The opened second sealing seat 25 causes a pressure buildup in the differential 
pressure chamber 6 via the second hydraulic chamber 38 and the discharge line 21. In 
addition, the pressure prevailing in the pressure source 1 also builds up in the control 
chamber 12 for the injection valve member 14 via the working chamber 5, the first hydraulic 
chamber 37, the second hydraulic chamber 38, the discharge line 21, the differential pressure 
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chamber 6, and the overflow line 10. As a resuh, the pressure drops in the compression 
chamber 9 and the nozzle chamber 16, which hydraulically communicate with each other via 
the nozzle chamber inlet 17. Because of the drop in the boosted pressure in the nozzle 
chamber 16 and the compression chamber 9, the injection valve member 14 closes, aided by 
the action of the spring 13, thus terminating the injection. 

[0031] The first and second sealing seats 24 and 25 can be embodied in the form of 
combinations of flat, conical, ball, or slider seats (see depiction in Fig. 2). 

[0032] The embodiment of a servo-valve 22 according to the present invention without 
guidance leakage can be used in all fuel injectors equipped with pressure boosters 3 that are 
controlled by means of a pressure change in the differential pressure chamber 6 (return 
chamber). 
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Reference Nximeral List 


1 

pressure source (high-pressure accumulator) 

2 

high-pressure line 

3 

pressure booster 

4 

booster piston 

5 

working chamber 

6 

differential pressure chamber (return chamber) 

7 

backup washer 

8 

return spring 

9 

compression chamber 

10 

overflow Une 

11 

first throttle restriction 

12 

injection valve member control chamber 

13 

spring 

14 

injection valve member 

15 

second throttle restriction 

16 

nozzle chamber 

17 

nozzle chamber inlet 

18 

fuel injector 

19 

injector body 

20 

booster piston end surface 

21 

discharge line 

22 

servo-valve 

23 

servo-valve piston (V^ variant) 
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24 

first sealing seat 

25 

second sealing seat 

26 

valve body 

27 

first valve body part 

28 

second valve body part 

29 

sealing edge 

30 

first return 

31 

second return 

32 

on/off valve 

33 

conical surface 

34 

annular surface 

35 

discharge chamber 

36 

servo-valve control chamber 

37 

first hydraulic chamber 

38 

second hydraulic chamber 

39 

servo-valve piston end surface 

40 

conical surface 

41 

one-piece valve body 

42 

stop 

43 

slider section 

44 

housing slider edge 

45 

servo-valve piston slider edge 

46 

servo-valve piston (2"** variant) 

47 

throttle restriction 


